Twenty pregnant Merino ewes grazed a ryegrass pasture and were offered either no supplement or 500 g/head/day of a concentrate supplement from days 30 to 90 of pregnancy. After that date, all ewes were supplemented. Maternal carcass and "non-carcass" components, uterine walls, foetus and placentas plus cotyledons were chemically analysed. At day 90, there was no significant difference between supplemented and non-supplemented animals in the mobilization of body reserves. However, from day 91 to 140, a significant effect of the previous nutritional regime was observed. Body condition score on day 30 accounted for most of the fat mobilization from days 30 to 90. Nevertheless, these mobilizations were not reflected in any significant difference in the birthweight and chemical composition of the foetus. Merino grazing sheep hence are able to compensate for feed restriction during mid-pregnancy, through the mobilization of body reserves, avoiding any influence on the foetus.
INTRODUCTION
Southern Europe grazing conditions are characterised by important seasonal fluctuations in the quality and quantity of grass, with pasture production being Supported by the EU Commission, Project AIR CT 92-0646 and the Junta de Castilla y Leon, Project CSI 3/96 high in spring and greatly reduced in autumn/winter (Alonso, 1994) . This means that ewes may be exposed to undernutrition as pregnancy proceeds, as this normally occurs in winter time.
It is broadly accepted that sheep undernutrition over gestation may affect foetal growth and development, despite the ability of the mothers to buffer deleterious influences on foetal growth (Robinson, 1977 (Robinson, , 1986 (Robinson, , 1990 Lopez and Robinson, 1994) . Little is known, however, about the effect of nutrition during mid-pregnancy.
Maternal undernutrition during the first trimester of pregnancy has been demonstrated variously to either restrict or increase placenta, although a clear relationship between placental weight and foetal growth has not been well established (McCrabb et al., 1991 (McCrabb et al., , 1992 Lopez and Robinson, 1994) . The response is influenced by factors such as the severity and timing of undernutrition and the level of body reserves at the beginning of the pregnancy (McCrabb et al., 1992) . Thus, a method for estimating the body reserves in a simple way would prove very useful in practical conditions (Gunn, 1983) .
In general, farmers are recommended to feed submaintenance rations to pregnant ewes in mid-pregnancy provided above maintenance rations are available in the last trimester (MLC, 1981; Theriez et al., 1987) , which will satisfy uterine and foetal growth requirements. This practice, however, makes the system dependent on the capacity of the ewes to compensate for the response that occurs during feeding restriction, in a subsequent period of improved nutrition.
This experiment was conducted with the aim to study the effect of supplementation over mid-pregnancy (from day 30 to 90 of gestation), of grazing Merino ewes in Southern Europe, with a range of medium-low body condition scores, on maternal composition changes and the effect on the conceptus.
MATERIAL AND METHODS

Experimental design
This work was carried out using twenty single-bearing Merino ewes, ranging in age from 3 to 4 years old, in liveweight (LW) from 45.6 to 57.6 kg and in body condition score (BCS) from 1.25 to 3, at the beginning of the experiment. The animals belonged to the flock of the research farm of the Spanish Council for Scientific Research (Consejo Superior de Investigaciones Cientificas, CSIC), Leon.
Oestrous cycles were synchronised in September using intravaginal sponges containing 60 mg of medroxi-progesterone acetate (SINCRO-GEST®), and all ewes were mated the same day (day 0). One month after mating (day 30), pregnancy was confirmed by ultrasonic scanning. Ewes received different treatments (grazing or grazing + supplementation) from day 30 to day 90 of pregnancy and then were all supplemented until day 140. Thus, animals were allocated to 4 groups of 5 animals, according to the experimental design, as follows: groups of animals slaughtered on day 90: group G -grazing from days 30 to 90, group S -grazing + concentrate supplement from days 30 to 90; groups of animals slaughtered on day 140:
group GS -grazing from days 30 to 90 and grazing + concentrate supplement from days 91 to 140, group SS -grazing + concentrate supplement from days 30 to 140.
A perennial ryegrass dominant pasture containing Lolium perenne, Festuca pratensis and Trifolium repens, of approximately 1 ha, was subdivided into two plots: A and B. Groups G, and GS grazed on plot A and groups S, and SS on plot B, from day 30 to 90. After that date, all ewes were put together in one plot and supplemented. Chemical composition of pasture during 30 to 90-day period ranged from 892 to 843 g OM, 226 to 201g CP and 364 to 452 g NDF/kg DM. During that period, sward height averaged 2.55 cm in pasture A (ewes without supplementation) and 4.40 cm in pasture B (ewes receiving supplementation; RSD = 0.970).
Supplemented animals were offered as a group 500 g/head, once daily, of a concentrate supplement formulated with barley grain (85%), soyabean meal (12%) and a mineral-vitamin mixture (3%), its composition being, %: dry matter (DM) 93.4 and crude protein (CP) 13.4.
Slaughter
Ewes slaughter. After a fast of 24 h, the ewes were shorn and then slaughtered by exsanguination from the jugular vein, after being injected intravenously with 1 ml of Xilocine (Rompum®). Blood and wool collected were not analysed but were assumed to have the chemical composition described by the ARC (1980) . The procedure at slaughter followed the schedule described by Frutos et al. (1997) . It was designed to partition each body into two components, carcass and "non-carcass". The gastrointestinal tract was emptied and its contents weighed in order to obtain the empty body weight (EBW).
Uterine dissection. The uterus was tied off as close as possible to the cervix with cotton thread. After weighing the gravid uterus, an incision was made along the greater curvature of the pregnant horn and the foetus exposed. The umbilical cord was tied off with cotton thread and severed. The foetus was immediately removed and killed with a lethal dose of Xilocine (Rompum®), and weighed.
Maternal carcass and "non-carcass" components, uterine walls, foetus and placentas plus cotyledons were stored in separate polyethylene bags at -20°C until preparation for analysis. After thawing, they were cut into pieces and minced successively, using a blender fitted with end plates containing holes of 7 mm and 4 mm diameter. The mince was then mixed thoroughly and subsamples freeze dried.
Four further non-pregnant, non-lactating grazing Merino ewes, from the same flock, were used as initial group. These animals had been slaughtered previously for another experiment of body composition (Frutos, unpublished data) following exactly the same slaughter schedule followed in this work.
Measurements and analyses
Liveweight and body condition score (Russel et al, 1969) were recorded once per week throughout the experiment.
Herbage intake. Herbage intake by grazing ewes was estimated according to the equation developed by Linehan et al. (1947) , by hand cutting of quadrats of herbage and undisturbed herbage accumulation.
Chemical analyses. All samples from slaughter, after having been freeze dried to determine water content, were analysed for crude protein and ash by AO AC (1984) procedure. Fat content was estimated by difference.
Herbage samples from quadrats were dried in an oven at 60°C and then analysed for crude protein and ash (AOAC, 1984) and for NDF (Goering and Van Soest, 1970) .
Statistical analysis
The experiment was analysed using analysis of variance with a factorial treatment structure. Regression analysis was used to evaluate relationships between BCS, LW and changes in body composition. All data were analysed using Complete Statistical System (CSS, 1991) .
For data relating to groups G, S, GS, and SS, analysis of variance was used to study the effect of the level of supplementation during the first half of gestation (from days 30 to 90 of the experiment) on parameters measured on days 90 (groups G and S) and 140 (groups GS and SS) of pregnancy. In order to remove the effect of liveweight at the beginning of the experiment as source of variability, this parameter was included into the analyses of variance as a covariate. Likewise, for data on day 140 concerning conceptus composition, the sex of the foetus was included in the analysis of variance as a covariate.
RESULTS
Intake of grass from day 30 to 90 of the experiment did not show differences between supplemented and non-supplemented animals, averaging 0.62 and 0.59 kg DM/ewe/day, respectively (RSD = 0.159) Liveweight and body condition scores of the sheep recorded on days 30, 90 and 140 are presented in Table 1 . There was no effect of supplementation from days 30 to 90 on any of these parameters, neither in animals slaughtered on day 90 nor on those slaughtered on day 140 of gestation. Empty body composition and changes in carcass and "non-carcass" chemical composition of the ewes, from days 30 to 90 and from days 91 to 140, are given in Table 2 . As shown in the table, empty chemical composition of the ewes slaughtered on days 90 and 140, did not show any significant difference (P>0.05) due to the effect of feed supplementation from days 30 to 90. Empty body weight represented proportionally, on average, 0.81 (RSD = 0.038) of the LW.
Changes in carcass and "non-carcass" chemical composition during the first half of the gestation were not affected by the level of supplementation during that period, either. However, changes from day 91 to day 140, measured in ewes slaughtered on day 140, were influenced by that previous nutritional regimen. Animals from group SS showed a higher mobilization of dry matter of the carcass, accounted for, mainly, by a high loss of fat (P<0.05). Concerning "non-carcass" components, protein and fat presented opposite values of mobilization in ewes that had been supplemented or not during the first half of pregnancy. All results were highly variable between individual ewes. Liveweight registered on day 30 was not significantly correlated with the amount of body reserves mobilized over the period studied (days 30 to 90 of pregnancy). On the other hand, body condition score presented significant (P<0.05) correlation coefficients with dry matter and fat mobilization, showing coefficients of 0.88 and 0.90, respectively with DM and fat changes. As for LW, BCS was not correlated significantly with protein mobilization. Inclusion of both variables together (BCS and LW) did not significantly improve the accuracy of any equation. Table 3 shows the chemical composition of the uterine walls, foetus and placenta plus cotyledons on days 90 and 140 of pregnancy.
According to the results obtained in this work, the weight of the uterine walls as well as their composition, in dry matter, protein and ash, were statistically independent on the level of supplementation during the 2nd and 3rd months of gestation. Protein accounted for 83% of the dry matter weight of the uterus. On the other hand, fat content on day 90 showed significant differences (P<0.05) due to supplementation over the period studied. However, this component represented a very low proportion of the dry matter. There was no evidence that this effect persisted to day 140.
Likewise, influence of the supplementation from days 30 to 90 on the weight of the foetuses, either on day 90 or 140, was not evident (P>0.05). This was reflected in their chemical composition, which was not significantly different between treatment groups (P>0.05).
The same lack of significant differences, due to the supplementary feeding from day 30 to 90, was observed in all parameters relative to the placenta+cotyledons. Only its fat content on day 140 was significantly affected (PO.05) by the feeding regimen during the first phase. However, once again, any meaningful interpretation should take into account the low proportion of dry matter represented by the fat content and the high variability found between animals. 
DISCUSSION
According to estimates of the energy requirements for pregnant ewes by the AFRC (1990), only supplemented ewes showed a positive balance over the first period (days 30 to 90), when requirements are relatively low (Bell, 1984) . Protein balance, according to AFRC (1992) was positive in all animals throughout the experiment. As expected, supplementation with 500 g of concentrate/animal/day did not suppress forage intake (Orr and Treacher, 1984) .
Until day 90, there was no significant (P>0.05) difference between supplemented and non-supplemented animals in body reserves mobilization. However, from day 91 to 140, there was a significant effect of the previous feeding regime. The capacity of fat animals to mobilize their reserves much easier than thin animals has been noted by a number of workers (Rattray et al, 1980; McCrabb et al, 1990) . Accordingly, group SS (ewes supplemented from day 30 to day 90, and slaughtered on day 140) showed a higher ability to mobilize body reserves, over the second half of pregnancy, as a consequence of the fat accumulation in the previous period.
Different patterns of fat and protein mobilization, from carcass and "non-carcass" components, were noted in this experiment, depending on the phase of the pregnancy. Although the low number of animals and the high variability observed between them do not permit firm conclusions, there may be a number of explanations for some unexpected results such as the loss of protein and gain of fat by group GS vs the loss of fat and gain of protein by group SS, from days 91 to 140. These may be due to subtle differences in body composition in the previous phase interacting with subtle differences in foetal weights and thereby leading to different degrees of mobilization of fat and protein from the maternal body. In addition, there may have been an effect of the differences in the relative development of the visceral organs during pregnancy on energy/protein requirements and therefore on the nature of tissue mobilization. Furthermore, the likely unbalanced energy/protein ratio, in the whole diet (grass+supplement), over the last period of pregnancy, also may have had some influence on the tissues that were mobilized.
It has been reported that the level of body reserves at the beginning of pregnancy contributes to the effect which maternal undernutrition during mid-gestation has on placental growth and consequently on foetal growth (McCrabb et al., 1992) . For that reason, relationships of LW and BCS with maternal fat and protein changes during the first half of pregnancy were examined to find estimators of maternal ability to mobilize body reserves. Contrary to the results of Wright and Russel (1984) and Frutos et al. (1997) neither BCS nor LW were significantly correlated with protein changes. Body condition score on day 30 accounted for most of the fat mobilization from days 30 to 90 (r 2 = 0.81; PO.05). However, no changes in BCS throughout the experiment were observed in group SS (see Table 1 ), despite the observed mobilization of fat by this group. Consequently, relationships between BCS and fat mobilization during pregnancy were studied separately for groups receiving supplementation over the first phase (S and SS) and groups without supplement (G and GS). The correlation coefficient for the relationship was significant when animals were not supplemented (r = 0.94; PO.05) and not significant (r = 0.55; P>0.05) when they were supplemented. In this regard, it should be noted that there are inherent dangers in relying on LW or indeed BCS targets during pregnancy as indices of adequate nutrition (Robinson, 1986) . Furthermore, mobilizations of tissues over the second and third months of gestation were not reflected in any significant differences in the growth and development of the foetus (birth weight, chemical composition, etc.) which reduced the usefulness and importance of the BCS as estimator of mobilizations during this phase of gestation.
Maternal undernutrition during mid-pregnancy has been demonstrated variously to either restrict or increase placental weight (McCrabb et al., 1992) with the effects appearing to be mediated through the endocrine status of the dam (Lopez and Robinson, 1994) . However, no significant differences in placental weight and composition were found in the present experiment. Placental growth is sensitive to maternal feed restriction during the late stages of mid-pregnancy but only under conditions when ewes have severely depleted body reserves (McCrabb et al., 1992) . Probably in this work, grazing Merino ewes did not use their body reserves to a critical point, despite having only medium-low BCS (notes ranging from 1.25 to 3.00), which would have protected both their body reserves and foetal tissues from potential negative consequences of undernutrition during mid-gestation. Thus, neither the birth weight nor composition of the lamb were affected by feed restriction over the second and third months of pregnancy, which has also been reported by other authors (Holts et al, 1986 (Holts et al, , 1992 . Indeed Hoist et al. (1992) found that in ewes which had suffered undernutrition during mid-gestation, foetal growth rates were restored after refeeding.
From a general standpoint, it seems clear that, within certain limits, feeding level in the first months of pregnancy has little affect on early foetal growth (Robinson, 1977) . The introduction of supplementary feed at about 90 days of gestation has been widely recommended in practice (MLC, 1981 ) since a partial compensation of earlier detrimental effects on foetal growth can occur by a higher plane of nutrition in late pregnancy. These are accompanied by positive changes in maternal composition in the subsequent period of better nutrition.
The results obtained in the present study extend the general recommendations about supplementary feeding during gestation to the Southern Europe grazing systems, where pastures are characterised by large fluctuations in quality and allowance of grass during different seasons and ewes have inadequate body condition to enable them to protect their pregnancy by mobilizing body reserves during peri-ods of maternal undernutrition. However, in this experiment, it was demonstrated that Merino sheep at pasture were able to compensate for feed restriction, through the mobilization of body reserves, thereby avoiding any detrimental effect on foetal weight and composition.
Under practical conditions similar to those exposed in this experiment, grazing sheep production systems in Southern Europe should take the present findings into account, so that objective management decisions can be used in the development of economically viable systems.
